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(57) Abstract: A semiconductor laser device is characterized in that a waveguide is provided in a multilayer structure including, 
on a substrate (101) transparent to the laser beam and having an index of refraction n,, a first clad layer (103) having an index of 
refraction n cl , a second clad layer (104) having an index of refraction n c2 , a third clad layer (105) having in index of refraction n^, a 
first-conductivity-type guide layer (106) having an index of refraction n g , a quantum well active layer (107), a second-conductivity- 
type guide layer (109), a second-conductivity-type clad layer (1 10), and a second-conductivity-type contact layer (1 1 1), and that the 
effective index of refraction of the waveguide is n*, and the relation n c2 <(n cl , n^n^n,, n^ is satisfied. 

(57)Kfr *fm=f-\Zt$l*X. U— tF3tl3HLTffiB^"e^oaST^n e 0)S« (10 1) <D±\Z\m#.i&m£ 

^f-HSf^n c1 (Omi >?=?V KJS (103) % BSf*n c2 OS2<7^^ KJS (10 



03/085790 Al HHIulflblllinBIII 



ID, IL, IN, IS, JP, KE, KG, KR, KZ, LC, LK, LR, LS, LT, 
LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NI, NO, 
NZ, OM, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, 
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, 
ZA, ZM, ZW. 

(84) Jg^S ARIPO ftlt (GH, GM, KE, LS, MW, MZ, 

SD, SL, SZ, TZ, UG, ZM, ZW), J- — T ft fff (AM, 
AZ, BY, KG, KZ, MD, RU, TJ, TM), 3 — □ V 'tftfr 
(AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, 



GR, HU, IE, IT, LU, MC, NL, PT, RO, SE, SI, SK, TR), 
OAPI ftfr (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, 
ML, MR, NE, SN, TD, TG). 



4) UT$n o3 (DS397^ KB (1 05) . Mr$n g (DS 1 KH (106) . 

(1 1 D *^t;«g<**lc»aKK^«fi£$^, ^-0)»»Ka)il^B5T^n o t?fcot:. n o2 < (n ol , n o3 ) 

<n e < (n 8 , n g ) SSifc^ C i: $1$® t It I** o 



WO 03/085790 



IPCT/JP03/03761 



5 mfrftm 

jA l,Ga lTT N, O^x, 0^y N x + y^l) * fc^tMMM* if*^ 

fc:Jb\ ^iS§C»^©^f^^«^BBb-t^ 19 7 SftACADEMI C 
PRESS^5)*fT$ilfcC asey^Pani s hW5W b^V^HE 
TEROSTRUCTURE L A S E R S^4 2 - 4 9 H («4 9l) «r 

15 #Rrr-<#-efc5o 

20 115 fcl*5VvC, «fiaotG a N «± £ Hfc^MW^fr ^ 

0 1 JiW©fc*8Ji$ftfcff$4 mnOnlGaN^y^ hJ18 0 2. nMln 
..«Ga ftB N^7y^K±l8 0'3, JS£ 1 . 2 /x m©nlA 1 G a N£ 9 7 K 
1804 A 1 0 . 14 G a .^Nl i: G a NS t ^r^tf^M^t ¥ 

25 JSTCA lo^G a 0 . 93 N(75^ H B H m^^^-t-5) > ff $ 0 . 0 7 5fimCniGaN 
^KI8 0 5, *^#F?£ttJl 8 0 6 (1 n 0 . u G a a89 N#F» £ I n 0 . 01 G a 
fcW NPWW©3»«r^tf) . piAl M Ga M Nl*BCafti8 0 7, J¥£0. 
0 7 5 //m^plGaN^ K18 0 8, ff£0. 5 jumOA 1 GaN^y K 
JS8 0 9 A 1 ...G a 0 . 9 Nl i: G a Nf i: ©M^M^W ¥-%)X*A 

1 



WO 03/085790 A ^PCT/JP03/03761 

Hl6ft il 5 0WfH^f)^M©FFP (77- ^K/** 

^^^bStt^lR]^©^ (&) «r&fc>U «fettH:3fe3ft£ (a. u. : \$M 

Si 5<£>W— if^Hc:Jott5<fc 5^ GaNl«80UnlAlGa 
N^7-^ KJS8 0 4 b(Dfflfcm^ (4 Mm) nfA 1 o^G a aS6 N3y^^ M 
8 0 2 fcT^Lfcii-g^lix G a N£t£8 0 1 ^(DMctt^— K (**l/=E— K) « 
&ftJ£fr5^fa&U*&5o ba>U *©«^fcttnlA 1 G aN?v-y KJf 8 O 
4^0. 8iimSft©ifcifeW^#*«$^^$H^Jt*brf35;bi"^ -^©^"l 3 

X, l*M&}jz% fe A 1 *&jfcit«r^i-S nI^7S' KSK*5tt ^t^v? <t 

^ ^— Fm^-<DWW&m v ©{ST^r^iti-5 1 1 t>m % Mi^fo^it^*— 



WO 03/085790 A ^PCT/JP03/03761 

n e ^£>oT. n c2 < (n cl> nj <n e < (n s , n g ) OB@^^fci~r ^ 
10 W(t LTV^o 

15 (Dftj&mmm&faZo #t-> G a NSi^A l G a NS^^if©^«^¥^ 

M^iv^ciik^f!) ?j»%k¥m&^— ifat^t^-cwu a i ^t^mtm 

20 

m 4 #3§w ommm 4 £ 6 if *^©Mt#foiM+'< * - > 

3 



WO 03/085790 ^^PCT/JP03/03761 

m i o ft h»j 9 i^tsm i ^mM^ 7 y K«off$*"iRifcte»"t6 a i m 

El 1 2 ft 9 kc&tfZWi 1 7 y RS^J¥£;frfr{-:fett5 A 1 & 

013ft #3PJ3<E>^«iii o^i^^^v-if^om^IESIil-C-feSo 

I/— if^T-> ^fcf^G a A s S^^tf A 1 G a I n A s P^^#: U—tfm? 

Wi&m 10 7 ir^T^MjJ^felifi^A 1 xcl G a Hcl Nf 1^7^*110 3, 
Al B2 Ga Hc2 Ni2^75' 1 0 4. A 1 xc3 G a ^Njg 3 ^ 7 y KJB 1 0 5 % 

fei^iiWmM^ KH0 6 ^ip^fc^^Nlffct — if*W^$^xTVN 



WO 03/085790 ^^PCT/JP03/03761 

In^^JtO. 0 1-0. 0 5 0f5ISF fc 3T«P$^Tt><tV\ ^<D^\Z.\±, 

^>fb^¥##&:i£K:*5V N T> s i o 2 m<Dmmfct£i&Mif&.^:fflMm%m^^xg. 
\m^wm<oW5faj&&*mm-?z> r i taotwsM^s e lo 

G (epitaxial lateral over growth) tfe^ffl V n bitfttf. JMWHR±©SHb»¥ 

|^lfc:^£;ft,TV^J;5fc:. »i^7y KH03iS«l 0 l i:©IWfctt. 
1 0 2tf5#A£*L-C&«fcV\> Till0 2ll nlGaN^tSii 
*S-C#S„ niGaN©T»H0 2lt G a 1 0 1 SffiOllQCr^lfclC J: 

5flEi»*r«* U ^7^^10 3 4'(D^f B ^PIa^{S^^' 5 It^^ G> L# 5 <Z>-T? 
«P£ LV\ T^S 10 211 nlA 1 G a Nt'MtS - £ fe^I^feSo 7cf£ 



WO 03/085790 A ^PCT/JP03/03761 

u mr i o i <D^DW&*m<D&wzmmi-ztcMdWTi&m i o 2 
ttSAiofcjWfctti i iK5g*+-co. 0 2»T-e**ii:a s a*bv^ 

W fci: i«nSA l IC1 G a ^Nf^^niS. --"C% 

-*-fc*>*>s n.tPW^ttSA l G aNTO©AiW^x ne t^ 

*HL x ne <x cl ^i-5^^ 5 feS 0 x cl ^o. o 7 J: tt. JSi* 

7 y KIB l 0 3 oftft^-CKt/h*^ 7^ ©38^Sr*PftO-t-S«^e>»* bv\ 
U< tt* x cl ^ 0 . 0 5 tH-ntf*. Stt 1 0 1 MHfXOttt 
*#pffi Uoof F P ©MDfrrtJfc* 9 A * 2 6 0 KTfc/h* < i"S i t ^ W«m 

i2^7yKI104lt »l^9yKii03iO t>tev^$r*Sr#i-*S[ 
^W^T^^tt, fctZ-ttnm.A 1 xc2 G a ^Nttt^^S. 
Al©«tkH x^x^x^MilrlfctiPi*^, 0. 06^x 

c2 — 

US 3 9 9 y KJi 1 0 5 14, IWBOHSMIWf * n . £ 9 t>ffiV^#r**r* 
o# 2 * 7 y K» l 0 4 £ 9 ^iKv^^SrWi-saft*^*^"^^*^* - 

JWWICHU *3^yKil05ttnlAl 
xo3 G a ^N^Snftt,' A 1 0»ttx B < Xc3 < x c8 ©H«S:»Sfe"t-«fc 
i 5 K3«R**bS. fltffs x cl ^ 0 . 0 7 ^»8^K|10BO 

f&l. 13M30!?75/K11'0 3, 1 04, l0 5OffSS:t^ 



WO 03/085790 A ^PCT/JP03/03761 

|2^7y KJH 10 4 <£>#p£ UV^j?^f5Hfi> 0. 35/i 
m-CfcS. 0. 0 5 #im> d a »2 * ? * K« 1 0 4 i: UT©*PH 

C5ift»****<*0, b#VHWt»*±#-*"«- d o2 >0.- 
4§1^U*, FFPKl:fctt5SE#fc^lfi£^2 6 0 £<9*#<ft>9, 
£^fcl^Xfc©#*£^*^Ti-*. d c2 >0. 3 5/im©i^tl4Sfe^ 

3J1©^7 y KJ1 1 0 3 S 10 4, 1 0 5(D h — i^/^ff ^ d t =d cl + d c2 + des 

frit k LT t>> -^©t^© p ffl^tt*iSH*fl5ia^«* <07 ' n ^^nm^f z> 

#Uf&2 % IB3©*75'KJBl03s 104, 1 0 5<DmWMteV&fe£frte 
ifflMtflUfa&M^SftW*- 3o©^7yKH0 3, 1 04. 1 0 5© 

3O©^7yKil0 3, 1 0 4, 10 5ftKftUV^««ttV>5^S 
11^75' ^103^12^7^-1104©^ Sfc^Z^y 
KS1 04^3^7^ Kll 0 5t(Om^ InGaN, G a N, Sfcttln 



WO 03/085790 A APCT/JP03/03761 

lOSrt % U-^%(D®.&<D 1/4 £TR- $ r. <b ^ < - ^fti^^MfW- 

^ /Cn ii^7yKil03i: g<flrt&*MM£a&IS 10 1 ;£fcteTJfeJf I02i: 

ri:^-e#S 0 0. 0 2 Mm£9?fV^<a^te. S^fP^J^^U^V^ fill 

Inm&itte. 0. 0 3^±0. 12J^T^M*LV\ ln®.f&it& 0 . 03<t 
^/h£V^^H^ ^^»^^mb^V\ to, I nm/&Jt^0. 12^ 
i97C#v^^{i. ^MfBiil 3 ^^^ ^3g£L^-r<&^ *:W±fc:*§i&J* 

3$g 1 ~ffl 3 7 $/ KJH-*3{t5 (d^Xx^+d^Xx^+d^XxJ d*0. 1 

SJUfc^O. l©AlGaNi©ft^"9i^ 2 0 n mJ¥£ © A 1 0 . 2 G a 0 . 8 Njg £ 2 
Onmf^GaNlt tf&mc 2 5 Hl#ag$n7c#ii«5t^ffli-S - t 

-t-SS-fb^**^^*^ fci^nMGaNtfcftnll nGaNT« 
;*M KJP1 0 6©ff£r±x 0. 0 3*im£Ui0. 2/im^K*fc5r 

8 



WO 03/085790 A J^PCT/JP03/03761 

#vMjtm^-h#^< 0 nl^KiloefcttlnGaNimirl 

5 *sg* uv\ m o.i ee* i o 7 -oif© 

*£1*J1 10 7tt. I n G a N^b^5^-*^F*3S«rWi" I 
nGaNWWl^PiiG'N, InGaN, U< »A 1 G a I n NA» 

*^#F?£ffiS 10 7 fcftVvCtt. 2-5 ©WCS-S- 4: Kl i 0 , 

15 HrWtoWB**ft#*. SfeK,«ttil0 7OW#0. 0 4/imELhO. 0 

CI £ 35**116 i: ft 5.. Sttil 0 7HHl^««li:UTS is Sn s Se. Te&if 
fettftl ttU<,^SilrlX10"c m" 3 ~ 5 X 1 0 18 c m" 3 Off ITC«Al 

20 «SK*^^$ttflSo 

^ttS 1 0 7±off©^lli> 10 7 rt~.#«:|SI£3&*S*tti& 

Wifc*rit"C*ntfJ:v\ ffittil0 7±^ P S#*M10 8. p 

a^KH0 9, pi^yKl 1 1 0, fc'^pi^^ Hil 1 I** 

25 *M3*u ^<Hpi^75'Kii ioipi^^ hii 1 ifc*^ 

pi«f| 10 811 1 0 7 iCjfc-tT^ra©!****** 0 . 3 e V£A 

m$n#S. rOpfiAlGaNtOAltottfcft 0. 1^±0. 4 5STF 

9 



WO 03/085790 A ^PCT/JP03/03761 

10 fitrff, 3 0 nmi 9»t**tf* ««» 1 0 8#SHflUi 1 0 7 Kl**:*****© 

^2liW KIIO 9 fin, J: 9 fe^fcV^JWfetfi-Sa^WfrT? 
#J*£*U fcfcjttfMg#«aP^fcpa©GaN, InGaN, SfcttlnG 

15 2Mm^T-efe5r.i:^a^bV\ 0. 03MmJ:n«vWO. 2,mi 

0, W-fJffOU*V^©J:#*ffl<. i2tlW K® 109 

£LTI nGaNffdll n GaAlN^^»lt InOfl«ltttO. 

20 *a*.***K:tt, ?iH4S 1 0 7 rt-Oi^^**ftTU 

fr^lllSJU itailMgfc«IPltpaAlGaN^4fti.5. *©A 
lfcjfcjfctt. 0. 0 6K±0. 2«T^5^^*UV0. 0 6*9** 
25 V^tt. ««■ 1 0 7^©*H t»a»*#«TU WHl^©t*VHW 
«E#Jt*-«. Alll»o. 2^ii5i^^^ MgttlWpM 

0. 2 5Mm»±l. SMmOTtW^W^. 0. 25,mi^ 



10 



WO 03/085790 A j^PCT/JP03/03761 

£5. 1. 5 ™£ 9 J¥V Vitiates ^7J'K»0» J ^<4^ 

^Hf^©##^<^S 0 «fc 9 M * L < 0. 35/imP;J:0. 7 /x 

& i ~ 2 ju m \cm < J&Jfc-f % - t tf^tfe t 5 o 

*t 3^>Hllll±InH. 0 1 — 0. 15©*&J5fcJfc4£ffl 
rtT«P LfcWt^»Htfe5,, - ©i^li, G a N Sr^/B bfc^^it 

«M8tt(ttttl#«. *2tll3X^^ Mi l 0. 06 A m 

hmb vxm 2 ^m^m^ 112^ fcim><D&m%: : m&~tz> r £ as^ie t 

3=7^ ^2fil3^^ Ml 1 lcoSJFr^n e £9 fc*#v^t? % 
*©ff$aso. 2nmJ;^#<W> jgftJil 0 7*aTi:i-.5«Wtl6i:H: 

y^^f^fixh^\ mm^mw-mwL<o^m(o^^}£\^^x\^ mm<o 
iiiat^&Tiii o 2^11 kjbi 0 3Mt5itia9> mm 
*KWiz.&^Xs mto»?mftm<om&&&izft. movpe tffm&m&ft 

N MOCVD (*|ftftJlfl£^jftJWO > HV.PE.(A7^K» 
N MB E «H*MMBffc«80 fc*f©.fc5^ ^«¥#fWf 

£-f\ 1 1 2 5lC©nlGaNiil 0 1±(J1*5V^> *tP7^it"CO* 

11 



WO 03/085790 A ^PCT/JP03/03761 

TMA (hy^^T^^^-^^) > TMG S H^XXfT^^T, 
^HW7y»t, S i «3X 1 0 18 cm" 3 ^ K-T^tLTtA.l 
oc5 Ga 0 95 N^^i5 nil 1^7^*1103^1. 8 n m©f§^^ 
btb^o l^#^U-r, Si«3X10 18 cm- 3 l:F-^JlfcAl 0 ,Ga 0 , 
KfrtbteZ>nMm2?7y mi 04^0. 2 M m(DJ¥$^ft$*b^^o £ 
l^^b-C. SiM3X10 18 cm- 3 tK^JxfcAl 0 , 5 Ga 195 N 

«5nl|3^7^ KilO 1 M m©)?^M^^^ 

TMGtT^^T. *5j:tPF»^i: tt<D^7y»^, Si * 8 
X 1 0 17 cm- 3 tK-^fcGaN?5^^5nS^ KH 0 6^0. 0 8 n 

>\ JDSMstff^i: ttOTMGfe7y*-T, & fcfc^ttflMf* £ Lt^7Vfe 
JBV*"t\ Si #|«2X 1 0 18 cnT 3 |C K-^*ftfcG a N^&^SMttJR^ 1 
2nmOJI*t****bn5. ^T, V#**Jk«rCTMG*ri&Jq Ut, 
TvK _- /0 T n Q . 11 Ga t „NA^45#FI)JS4 nmO*^****^. 

*6 0nmt*IfWWI» (MQW) ^tSSItfl 0 7«$tlSo 

TMA. TMG, *3j:tfT^E:~7\ $ bW»^^T©Cp 2 Mg (;> 
^p^^a^/l^^^A) 'SrJBV^T, Mg^llxlC'cm-'T* 
JOSftfcA 1 M Ga H Na»bft4plRM 1 0 8 # 2 0 nmOKt««** 

^iLt©TMGi7^^ SBiOTttW^i: lt©Cp 2 Mg»t, 
Mg «2Xl 0 18 c m" 3 t» G a P K® 1 0 9* 

12 



WO 03/085790 A ^PCT/JP03/03761 

OTMA, TMG, *5£tJ<TV*=T&/BV^ T 1/ K ~f<OK 1 01 G a 0 .gN^ 
5 a-rCp 2 Mg»t, Mg«S3Xl 0 19 cm- 3 t'K^tlfcGaN^- 

10 TMG^TV^-^T, ^.tOTM^^i: U-C©Cp 2 Mg»t, MgtfS2t 
£l. 5X1 O^cmn-K-^^fcGaN^^i^pI^^^ 1 1 1 

15 ^rV^b^spitiii i 2-t>mj&znz>o.m^ piiin i 2_l 

^h^^DtO^b^^ (®^-f) ^MtT, RIE (^tt-f^- 
l/^yf-V?} t i o t y h ^ 1 1 4 Mt5o i"fc*>*>* Ar^f 

^laotpllil 1 2^5/^^^U ^btAr iCl 2 i:SiC 1 4 
^Xiaotpi^^ Hil 1 Upi^7y K»l 1 OOi^txy 
20 *fclipl^ KJS1 0 9©^fex5/fy^t5 o -tbTs JSBZfc: 

*srt5 1. 6 /im©ii>Si: pllil 1 2 ©±35^*5 it 3 1. 3 iu mOi|iS^i-^ 

fcfcl. nfG a 1 0 1 ©ffSs&S HO/i mi;L&6 *T\ -t©«ffi^WB»J 

zfrxmmznzo *<o'&. MOEiBJbfcnfflimi 1 straaau 

£>&ft#ya#5 3 0 < CT^2^fT^tb5o Pllil 1 2 £ 

13 



WO 03/085790 A ^PCT/JP03/03761 

3&3b\ *««Sf±. 1 8 0- 8 5 0 junKDWlCfc^r i:MtU\ 

#Vvjft««**2. 5kAcm- 2 T% L# V^HEE^ 4 . 3VC*!l, «R»*4 
— 1fSf^ s 8 3 0 X'&hfrtCo 

-fia^e^iio. 5° ^-rstb^/h§^2. ncfts, *»!ii^> 

20 (HiH6^2) 

m 3 k^-c. ui«y 2 \z£% ?m**m&&tt^x7F£tix^z> 0 

2 4: nil l * 7 y KJ1 1 0 3 £ omtcS&ftftJI l 2 0 ASti/CV^ £ t 

(Dwz&^xmmmi trnttox^Za &&mami 2 cm, tckx.&nm.i n 
8oo < co3&Ktaei-*3VN-c. ^yr^itt©9 5%tii 

bi^W^i^^^y^V^ S i *5X 1 0 18 cm' 3 fF^ 
£*lfcff£0. 03/im©niI n aB Ga w Nfi*«»ll 2 0*S^**L# 

14 



WO 03/085790 ^ ^PCT/JP03/03761 

So 

(HMJ3) 

x 5 3 © m*fc&^x mmm i <Dm&tmmm<D$hmm 

t>M* r©AlGaN|©^fe^fCll MOVPES, MOCVDfe, 
HVPE*£U MB E fe^ if ©fe B l^ft^^lfflt 5 ^ i^T^ 5 0 3=7^ 

^ttw? o o°cot^^$^#5^-c% mmm i o T^m^b^Jt-r 

^<£>A 1 G a Nil <£>A 1 *&fifctbtt. IfttU^^J^fc**- K**^ 

Jt<DK 1 GaNl©A lipI^?yKH 10©AlMM^U ^° 
y yS?* b^^^l 1 4Sr^"T«*:>E>«> 3: -y^ , ^*pS^ KB l 0 9 Km 

(HW*J4) 

H»J4 \z i 5 u-if »l^9yK1103 x .1= 0 ■ 

0 3 8H cl =3. 3Mml^^$tt7^wi:©W*5V^> 
&oTV>5„ H4lt *||»|«4©v-f t * : f : ©FFPK:a8rt5Sltt^lftl«*^ 
^-V^b"CVNS 0 r-©B4*»b*»3&»«J:5fc. 3Wt«4fc*sv^O^ FFP 

16 > ^o^^gE^^tt^^-^W^^^^^ 2 2 ° 

Hffifl 5 fc£.Z> U-WPi** *2^5yKH04 ROT x e2 = 0 . 

15 



WO 03/085790 A ^PCT/JP03/03761 

^oTv>6 0 05 it^mmm 5 © v-if ffp cwsie^iri^^ 

(HW!)6) 

^ b i tt^v'y y^V^t, S i «5X 1 O n cm- ! T'K- 
•f&tlfcl n 0 . 01 Ga 0 . 99 N^b^5I^M^8 nm©)¥§«S$tbn5„ ^ 

#F#it (MQW) Sr^^ttgl 0 7^^$tLS= ^WllTl'&V^T 1 ^ 

V^ 0 I©V-fi-f©^W^tlt *f 7 2 0t©nSGaAsit6 0 
OT*fi4fc#*£: Lt©V7^ffl^t, nlGaAsTi!6 0 2^0. 5 M m 

TMG, ^.ttfT/Vv-^ Sbt^lMfc^i: Lt©l:fflv^, Si«i£3X 

16 



10 



WO 03/085790 4| ^PCT/JP03/03761 

1 0 18 c m- 3 X K-^StfcA 1 0 . 04 G a 0 . 96 A s 3&>fe*5 nM^* 7 S> KJi 6 0 

m -3 -c K -^**lfcA 1 0 ,G a 0 . 8 A s n^ff! 2^*yKl60 4#0. 

1 5 nm©«fc****fc*L. S 1 3WMEl X 1 ° 18cm " 3 " t?K ~ :70$tLfCA 
1 , 05 G a , 86 A s nlf 3 ^ 7 >7 Kl 6 0 5 ^ 0 . 1 /imOffSfctf* 

**fe*t5.-il!V^ TMA©*»Sr*JtUT, S i 8 X 1 0" c m" 3 X 

K^**l*iGaAs)i^ft5nI^ KJ16 0 6fl*0. 1 2 /i m©ff Sfclfcft 

7<D\ n 0 .„Ga ol As^b*5#Fi^l 1 nmO**K****bW. * 
«f8 2nmO*ll^F«ft (MQW) 6 0 7 

*JBVvt\ ZnHJiJtl. 3X10 18 cm- 3 T«P^fcAluGa 0 ,As 

xmm&* 7 2 o-cJcif x, v t u-c©**. t l 

7 X 1 0" cm" 3 Xm^fL^G a A s ^&WpW K» 6 0 9 # 0 . 12 

W^ib-COTMA; TMG v *5ct^T7^^ ^CT»^t 
t(ODEZn»TZn tfftft 1 - 6 X 1 0 18 c m" 3 -e*JP3*lfc A 1 0 . 2 G a 
25 0 ,As«5pI^yKl610«l. 5 jimfclfc* 

irT^^T, 33j;tf5Ftt*^i:U-C©pEZn«rfflV^s Zn«3Xl 
0 18 cm- 3 tK-^^GaAs^f)^5pS3^^ bJS6 1 1^1. 0^ 



15 



20 



17 



WO 03/085790 A ^PCT/JP03/03761 

^$ti5 0 i-ft;b*>> Cl 2 ^»Tpl3y^M6lU P I^7 
J/-KJP6 1 0©MfT\ ffclipIW K16 0 9.©5i4'*T?3:5'^^^U 
J£5aic*5»t5 4/im©^ h^^^mt pi^@4 1 2©±ffil:*3(75 3/im©^ 

M mOnSGaAs»$i6 1 5 G>ft3 0 

JK&BfefeU mtbfcy f7^f/6 1 4H§&© P bJp6 1 1 ±fcU 

ffi«&/&2&* b ft 5 P Mm® 6 12 a^jdc $ S o 

#CKU niGaAsSi6 0 1 a*J?£ 9 0 ,u m^jfeS* Tf*©*B5*SWfi!l*^ 

©ti©7D-fy^, ^ifiX'4 5 0°C^"C 3#|I8?Tftfrft3o pi« 
i6i2^<t 6 l 5 £S o X 5 * V rff 

&$5 n #Jg|£gW: N 1 8 0 ~ 8 5 0 m m^iirt t fe5 r t U\ 

#i®U50Acm- 2 t\ b#VH«tEE*si. 7 Vtfe 5 s 8 9 5 n 

m©3itt»*«m«S*tfc. 8 5 < CT*27iW±©^i^^t^8 

HI 7 tfu 8 K«k5 U—fm^VF F P ^^ttssE^-^it^^*-^ 

18 



WO 03/085790 A ApCT/JP03/03761 

5 (H«iJ9) 

• 08tt, ||jte0!l9^J;5W1f*^S:«^:6«l*3EffiB|-C^UTV>5. £©W 

TV^o If^Wf^KfcJJV^^ tf 112 5t©nlGaN£t7 

L0 jSitPFHrtfc^fcbt^^^SrfflV^ nlGaNT«i702^3Mm© 

Ig3Xl0 18 cm- 3 X' K-t/SftfcA 1 X G a h N^f,*5nII l^f Kg 
15 70 3^2. nSUB 1 ^ 9 y K» 7 0 

3 OA 1 ttjfttt x tt, Tff WCtt x = 0 N ±JWT?W: x = 0 . 12 fcUPJi JP"f 

i«3Xl 0 18 c m" 3 «$tLfc nlA 1 y G a H N^ 3 ^ 7 J' KJg 7 0 5 
*S0. 3Mm©«lc**4*fcW. ""^ nI^3^;yKi7 0 5©A 
lWUtyttvTIHB (niI.U7yKg7.03^Iffi) Oy = 0. 12* 

25 H9©^77tt, *»9©nl^7y KS 7 0 3 7 0 5 m*5lt5ff 

i7 0 3©»b©D? (Mm) ***>U ««ttAl»«Jt*«*>bW5. 
ft*5 % nil 1 * 7 y KJS 7 0 3 £ n§S$fl 3^9yKl7 0 5OAl 

19 



WO 03/085790 A ^PCT/JP03/03761 

3Jii:LT&2*?5> KJf &7#/&1-5&^ftv\ r©J:5^ 9 Tff4, 

2&R7 0 lflO^&SttJI 7 0 7ffi!l^lRj^oTs JSlftWi«{£i«><^&< H3o 
©W^fs i5l=nI^7yKi7 0 3, 7 0 5 Sr^i~5 - 

0 17 c m" 3 f F-y ^tltG a N^fe ^5 nS^ KJB7 0 6#0. 13/im© 

/j^T> S i «|1X 1 0 19 ~3X 1 O 20 cm- 3 (7)|5ia-C«P$nfcG aN*>6> 
^riiAPT, ^^l«JP^I n 0 . 1 Ga 0 ,N^f»*5#W3nm©f^t^ 
S&fifc*&*-CfcJ¥4 9 nm<Z>#fi*^#F#i£ (MQW) «r£tfSH4» 7 0 7 

aN^KIfili7 20^7nmOl¥$l^n5. Sbfcs TMGi7y* 
—T&fflV^, T>" F—ZfG a N>PI?flJI 721^70 nm^ff^K^Efe^So 

• c m" 3 -CWbPftnfcA 1 oasG a^N^.fcfe* pM^fitil 7 0 8^12 nm©ff 

$ b^s 1 0 3 5°C^±lf-C, V Ttf* t VX<DMm, 

^itt'OTMG^y*^ ^^itt©Cp 2 Mg»^ Mg 
«2X1 0 19 cm- 3 T:«P$tL7tGaN^e>^5pS^ KJ1 7 0 9 0 . 

©**s W^^WTMA, TMG N J5W7^^7, *b^«S*^ 

20 



WO 03/085790 A ^PCT/JP03/03761 

Xi;Lt(DCp 2 M glfwC * M g #*ft 9 X 1 0 w c m- 3 W-T^tWt p S 

^T, ^5i:tf»^^t<Z)Cp 2 Mg»t, Mg«l. 5X10 20 
c m -3 t K -^^f;G a N^f>*5 p 1= ^ hM7 1 1 #-6 0 nm<7}J¥£ 

vmmM7 1 2i±^>^ b-^*^ (m^-f) ^mut, r i e&- 

jw«bTyy^h9-f^»rit**t«- Ar^iao-Cplti 

7 1 2*j/^>-^U ^blCArtCl^S i C l 4 ©iWiaotpS3 

pI?7S' KJf 7 1 OOji^^-C. *fcttpfH^ Kg 7 0 

tt&#U ^opll®7 120±ffim^l. 6Mm©7b7^^ft 

^U5(*I7 15 (rrtll Mii) Srff^O. 2/*mfcJ»fcU5: 
m^. h*Vk3k-tZZ-t\z.£oXy y*?* h94-?7 l 4©±®»^ 

n^G a N«7 0 1 ©J?*** 1 3 0 m mHlft5*"e*<0KBB « £ 

7 13««ffi«^5 9 ^UX, rotWll:ii, 4 8 0^2^1 

fl>WMw™asfft*t*- u ^^^7 1 4±.(D V mmm7 1 2 1 

*<DmWKB<DXMm7 1 5©'>*< fc%-»«r«5i5B:, 
b^5pS^7Kii7 16«^5o »^7^f»ioX 

* =ss*mm tt*HWffi« ^ 5/ ^4M» IK: ± <> "T 5* 

i«^^H5o fcfcs 18 0-85 OMmOWt'fc^ri 

21 



WO 03/085790 A ^PCT/JP03/03761 

n hint L-if^Wt - h >^ k *v * vrnrn 1 

#VNm^2. lkAcnT\ L#VMitmi±^4. 2Vt% |liM4 0 0nm 

*^»!l9^J:5nM^7^ K17 0 3, 7 0 5 ©JlJlpL^falC&ttS A 1 #flf& 
JfccD^b^n;7 T ^/l^Sig9^£;ftTV^5o r©i5tnl^7y KJP<£>A I 

#Hi£09 9 © if f F P *3 5 fiil^ft^tt^ * - ^©3Hfc^B 

*Wm«l«*n»«. 3«W9©W- FFPfc*5»«*¥ 

^^'^-^©W^M^l 0. 5° *||R*#/h£fcl. 5\£t£Y) 

fct^tfHio, mil. :fc«ttflai 2fc0i^£*i;T^ 

A 1 G a N^7 y KI©^ 7 y^^jUitSfc*^ gfflg707 il«7 0 
KH© b~ ^/H¥^d t #1. 4/xm^d t ^4. 5 /z m©i£ISl*) 

22 



WO 03/085790 A ^PCT/JP03/03761 

^©(S^ (Al»^cJtOifiiV>) TOAlI^tkx^^O. 06^x^0. 3 

f>±«»z*S £ 5 fcdttS H i: 0 . FFP |c*srt SSltfrlftlJMt^^-^ 
* 7 s> KW^RmottWfeSr^**"***^^^^- 1 * 9 v Kjg 7 0 3 

So JMfrWfctt* ni»1^77Kl703i nil 3^7^ 
K@7 0 5 £<£>#®K10. 0 0 5 /im35>feO. 0 4/imO§l^ff^©GaN 
^?y^jfliMliffAlfcl>^ nifl^7S'Ki70 3^0. 0 1 m^b 

(»10) 

ftffllttHffitefc^-C nIS lfyy KJB I03i O'TOtt^K* 

r©»M8 0 0(aot N GaNlSl 0 1 & «fct)?G a NT*8lJl 1 
0 2triioT^$tb53fc* 5 ^^^^Wtt$nsri:«rB5±U FFP 

ttctoT^ Sclt^-K (»n**-K) a*^»3¥*^JB*3rCifco-rt>. 

23 



WO 03/085790 A ^PCT/JP03/03761 

f f p fc*H-«»at^K©*»*te»i-5 n £ ^ pjtg^ 7^br% IH«<I 1 K 

ffiffiwtnSfi^7y kjbi o 3 £»tw<d; j xytmm&a 1 0©ffi 

^ yy^h^^ilTSP (*«K1fic™) 8 2 0©6 0%K±Sr*!ftJlXiW 
8 0 0 -cKfflH"* i * J: 9 0* bv\ r©J:5 fcfcWWM 8 o o *K»t 5 r. 

OOW-1fm^sr(DJ: 5fe»*S:**i"*«li: UCtts left** 

ski o i^m^m\,xmti^^mk^-v%t^yf-^(om^%t^m-s. 

20 t£&5„ 

(HJfc0)J 1 1 ) 

1 1 ^wj i o mjfc^-c, %wmw-Wks o o ^ytRMm^mm^ 
rto^TO^i^otv^^o r.®.t5fci«6m im*5v^rt>. mmmio 
cornet mm^^mh n % , **** *mmmi ifc*wc*. %&ah**j» 

25 jfci-^tWfiWU 1 0 ©3t!ftflX(tt)l8 0 0 ©fcHfci: P CT?S>5o 

Ptl Nife£©fcJW**\ S i0 2 £Ti0 2 £4jf**Jf LT^tt^&5 0~7 

24 



WO 03/085790 A A PCT/JP03/03761 



7 y K»©^^IW*MSOJB*f*BB«K:** «fc 5 £ £ lc «fc <9 , £ 



25 



WO 03/085790 A ^PCT/JP03/03761 



1. if^Hb-CjgWCd^JB^n.oSS (10 1) £>±fc:l©?fc7&*£ 

*LfcjH*f*n B1 o*i^9y k» (io3) , m$rmn c2 <Dm2?7?m (1 

5 0 4) . BPn^ga^^yKi (10 5) . ®^n g (D^l^li^^ 
KJf (106), S^mtt^ (10 7) , m2^«M^F® (10 9) , 
|2iW7y KJi (lio), ts&Tfmz&WM***? hm (ill) Sr 

•^tf^#= (102-111) wz.m$Lmmi&£fr, 

ltufB^}£B&©II^Ja^^ 5n e^& 0 "^ n c2< (n cl , nj <n e < (n s , n 

io 8 ) (Drnm^mtdr^t^w^t-r^m^-^m^ 

2. KJI (10 3) ©ffSasd*. HuiaB2^7^ KJI (l o 
4) (DmZ&d^ ZXsXtmmSfryFB (10 5) ©g^^d^'feot, 

d e2 , d c3 <d cl *3J:^i. 4tim^a cl +d e2 +da<Dm**mc^zk*WWtt 

15 3 . HtrfSfg 2^7yKi (10 4) ttAl Sr&t? I I I -V^^^T'^^tL 

-c*5 9> HffiB*^#m'l4iS (10 7) (iint^tfi i i-v^^-e^ 

£*ltv^ r i few**-*-*!*** i ras^^ u—?m* 0 

4. ttiea^ (ioi) *5j;^suiBisii^ (102-111) #*tem#mm* 

mmmiv^m do 3) N m^m^^^-yvm do 4) % ^.t^ 

20 WIS^ 3^75' KJi (10 5) ©vvftL^A 1 «r£t?- * **** 

5. fulfil 1^7^ KJS (10 3) ©ffStfd^ *MR* 2 * 7 y KS (10 

4) <z?^$^ de2 . mmm3?7>ym (105) ojy^d^-efc^ d o2 , d 

c3 <d cl *5£tfl. 4Mm^d cl +d o2 +d^4. 5 nva(D^^mt^-t^t^ 
25 m$k i:i-5IS*^4 (31|B«^^^^— ^**^o 

6. flff!B^2^9y KJi (10 3) ©I I I J^TD^f^A 1 ©a^tex c2 ^0. 
0 6^x^0. 3tfc5ilkW^b^9, fulBSS 2 y 7 y KJI (10 
4) <£>ff&d c2 a*0. 0 5 /zm^d c2 ^0. 3 5 jtz mt'fc 5 n t *Wmt~tZ>tH 

26 



WO 03/085790 A ^|PCT/JP03/03761 

^0. 0 7T\ ^OBtrlBm 3 # 7 y K» (10 5) <D I I I JEtc^^A 1 ©II 

RfcJfc x c , a* x c3 ^ o . £ i-s W** 6 wr*©*** 

5 8. i^-if*feWJJH-*»iB»2:*5V^«nEJBi^9yKJB (10 3) iDT*© 
ftSfeHWE (810;8 2 0) K3fc!Rifc#i:3teRl*«l (8 0 0) ©V^ti^tf^ 

9. «riB*»«t«*fe»±«nE*RitK (800) riffle******* (8 1 o : s 

2 0) ©Iffllos 5%K±©Wfc^**iitV^^t«r*ii:t5a*«8|!: 
1 0. Btfia«M*^«BUi2^^ (8 0 0) t±S&IB3t»tm« (810; 

820) <Dftx*Mmwfo®<DTJ>\m%~rzmm (820) ©e 5%^±©§i5# 

1 1. rnmXsBU»m (8 0 0) ©#M##5 0%&T*fca"****-« 

15 ffl&% 8 tJifB*©**** ^— 

12. u-lf5fefcHb-caWtf*»oJB«f*n.©a£« (7 0 1) ©±K:MS*m* 

£*Lfc#lS**8»*9 5' Kl (70 3 ; 70 5) , ffi#r*n, ©& 1 S**^:*^ 

KJf (7 0 6) , **#F«tt* (7 0 7) , !2WBWf^Ki (7 0 9) , 

^ 2 |W75' KJf (7 10) > i2ili3y^^ hJf (7 1 l) SrStf* 

20 (702; 703; 705-7011) tfcWWmSftfctfl*** 

liil^7yKI (7 0 3 ; 7 0 5) BJ? $ 2fft tdHI&lg 1 , *2. *J:tf» 
3 ©«**£*, .t«flB»2«*tttWIB» i***5 .fctfflWR* S^^Jt^T^C^ 

25 ft a i maatttm u msm 1 **> wss^ 2 «*> &£vmmm 3 «*© 

13. lUrfBl&i**, WiB*2«*, *5J:tWWB»3**Sr&tf»ffd t 3asi. 
4/xm^d t ^3. 5/*m©«fiBBrtH:*,5^iSr»*i:«»**l 2 KlfB«© 

27 



WO 03/085790 A ^PCT/JP03/03761 

l|il^7^KI (7 0 3 ; 7 0 5) <0»f-eaE*R^W* a fe^nBiSH4*fc 1^**5^ 
ftfc&v^T 2 d t / 3 i 5 ***W©4fc»-»E-*"5- ^ SrWfcfc-fSW* 3 * 

i 3 iciamo^ W¥^v-if^-?. 

16. ^^**ffll*+«*iBIC*V>T«nB»l*«ffl^9!/KJi (7 0 3 ; 7 
05) ±9 fcT#<Dft#ltW* (8 1 0 ; 8 2 0) {£#TOJIfl£3fcIxltJIg (8 0 

-TOFF. 

1 7. WIB*!»JRIl!l*fe»±SWE3fcR«il (8 0 0) f*ftflB3teifcl*SH« (8 10 ; 

820) <Dmm<D3 5%u±<Dmmm&ztix^%zb*mmt'tzm&mi 
i s. mffcftw&mtttemmftBi&m (s o o tt*nB##**tt (s 1 o -, 

8 2 0) (D\HX'M^fe&<DTtt®m~fZ>m& (8 2 0) ©6 5%Pi±©W 
19. 1IM3%£*tlt (8 0 0) O»H*aS5 0?lM«^*«ii:tS 



28 



WO 03/085790 



PCT/JP03/03761 



FIG.1 




WO 03/085790 — ^PCT/JPOS/OSTei 



FIG.2 



0.8 



0.6 

[a.u.] 

0.4 



0.2 



0 




nmr ] 



16 




SM° ] 



4 / 




V 16 



WO 03/085790 A ^PCT/JP03/03761 



FIG.6 




6 



16 



WO 03/085790 A ^PCT/JP03/03761 




WO 03/085790 




PCT/JP03/03761 



FIG.9 




16 



WO 03/085790 A ^PCT/JP03/03761 



FIG. 10 



0.2 - 



0.1 - 





1.0 2.0 
JfJ5(//m) 



10 



16 



WO 03/085790 — _ PCT/JP03/03761 



FIG. 11 



0.2 



1.0 2.0 



3.0 



11 



16 



WO 03/085790 — ^PCT/JP03/03761 



FIG.12 




WO 03/085790 — «^PCT/JP03/03761 



FIG.14 



112 




14 



16 



WO 03/085790 — PCT/JP03/03761 



FIG.15 




5 y 




16 



16 



INTERNATIO 



CH REPORT 



Intemati 



3p 



lication No. 
'JP03/03761 



A. CLASSIFICATION OF SUBJECT MATTER 
Int. CI 7 H01S5/20 



According to International Patent Classification (TPO or to both national classification and IPC 



B. FIELDS S EARCHED . 

Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 H01S5/00-5/50 



Documentation searched other than min imum documentation to the extent that such documents are included in the ™d» 8M"*eo 
' Jitsuyo Shinan Koho 1922-1996 Toroku Jitsuyo Shinan Koho 1994-2003 

Kokai Jitsuyo Shinan Koho 1971-2003 Jitsuyo Shinan Toroku Koho 1996-2003 



Electronic data base consulted during the internationa l search (name of data base and, where practicable, search terms used; 



DOCUMENTS CONSIDERED TO BE RELEVANT 



1 Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


j Y 


JP 2001-298243 A (Sharp Corp.), 
26 October, 2001 (26.10.01), 
Full text; all drawings 
(Family: none) 


1-19 


1 Y 


JP 2001-148539 A (Sharp Corp.), 
29 May, 2001 (29.05.01), 
Full text; all drawings 
& US 6556603 Bl 


1-19 


1 Y 


JP 2001-85796 A (Sharp Corp.), 
30 March, 2001 (30.03.01), 
Full text; all drawings 
& US 6493367 Bl . 


1-19 j 



Further documents are listed in the continuation of Box C. 



| — [ See patent family annex 



Special categories of cited documents: 
| "A" document defining the general state of the art which is not 

considered to be of particular relevance 
| "E" earlier document but published on or after the international filing 
date 

"V document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other 
means 

"P" document published prior to the international filing date but later 
than the priority date claimed 



later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 
"X" document of particular relevance ; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 
"Y" document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
01 July, 2003 (01.07.03) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 



Date of mailing of the international search report 
15 July, 2003 (15.07.03) 



Authorized officer 



Telephone No. 



Form PCI7ISA/210 (second sheet) (July 1998) 



BEST AVAILABLE COPY 



INTERNATIONi 



CU REPORT 



Internal 
P 



IE 



ilication No. 
'JP03/03761 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



JP 11-68158 A (Sanyo Electric Co., Ltd.)/ 
09 March, 1999 (09.03.99), 
Full text; all drawings 
& EP 1018770 Al 

JP 2001-358407 A (Fuji Photo Film Co., Ltd.), 
26 December, 2001 (26.12.01), 
Full text; all drawings 
(Family: none) 

JP 11-68256 A (Nichia Chemical Industries, Ltd.), 
09 March, 1999 (09.03.99), 
Full text; all drawings 
(Family: none) 



Relevant to claim No. 



1-19 



1-19 



8-11,16-19 



Form PCT/ISA/210 (continuation of second sheet) (July 1998) 



m. 



J P 0 3/0 3 7 6 1 



a. &mv>m-tz>ftm<D&m mm/mam. u po ) 

Int. CT HOIS 5/2 0 



m&kftitzfk'msm mmmim (ipo ) 

Int. Cl 7 HOIS 5/00-5/50 



H*mffl*r$&£ 1 922-1 99 6¥ 

B*ffl<2f§B^fflff^# 1 971-2003f 

B#ffl»Jllffl£rfi?<k*& 1 994-2003f 

&mnmw&mm;n 1996-2003^ 



mmm&x&.% vtcm^—f^—* {^—z^—^otm-, waEKneffluuBW) 



c. 









Y 


JP 2001-298243 A(V^— Tlfl^ftt), 2001. 10. 26, 


1-19 


Y 


JP 2001-148539 A(iX^— :7 p Hs£#*fc), 2001. 05. 29, 
<£X t£0 & US 6556603 Bl 


1-19 


Y 


JP 2001-85796 A(S^*- ^^^±), 2001. 03. 30, 
±m & US 6493367 Bl 


1-19 



&<>xmifr&ttt£^k^7Lt>*y,Z>%>v> 
r&j H3— y<T> V7r % V — Xffi 



0 1. 0 7. 0 3 



B 



1 5.07.03 



B*H#«frr (I SA/J P) 
§5<S#-S§- 100-8915 
JlC9C# a f s ftHK»»*KHT I4S3^ 




2K 



9 0 10 



03-3581-1101 



3 2 5 3 



«SPCT/ISA/2 10 (12^) (1 9 98^7^) 















Y 
Y 
Y 


JP 11-68158 A(H#flra$*5^*fc), 1999.03.09, 
±m & EP 1018770 Al 

JP 2001-358407 K(X±tt? 4 2001. 12.26, 
JP 11-68256 A( 0 ffite¥Xf£H5££*h) , 1999. 03. 09, 


1-19 
1-19 

8-11, 16-19 



iSPCT/ISA/2 10 <S&2^— S*0«E$) (1 9 9 8f7l) 



